The effects of two vitrification protocols on the survival of sheep blastocysts were examined in embryos produced in vitro with sheep oviduct epithelial cells co-culture (CC) or without co-culture (C). Oocytes collected from slaughtered ewes were matured for 24 h, fertilized with fresh ram semen for 20 h and cultured in SOF medium for up to 9 days in vitro. For vitrification, blastocyst stage embryos were assigned to two equilibration groups (20% ethylen glycol (EG) or 10% glycerol (G) for the first equilibration), and as the second equilibration they were kept in 20% ethylen glycol plus 10% glycerol for 5 minutes. After 30 sec in vitrification solution (25% ethylen glycol + 25% glycerol), they were immediately immersed into liquid nitrogen. After thawing procedure, embryos were transferred into 0.25 M sucrose for 5 min, washed in Hepes buffered synthetic oviduct fluid (HSOF) and cultured in SOF medium for 24 h. Cleavage rates were 75.2% in C and 74.2% in CC groups, and blastocyst rates were 14.4% in C and 17.1% in CC groups. After in vitro culture of vitrified-thawed blastocysts, survival rates were 62.1, 38.4, 30.2, and 39.3% in C-EG, CC-EG, C-G and CC-G groups, respectively. This study shows that vitrification of sheep embryos using ethylene glycol instead of glycerol as a first equilibration cryoprotectant could give reasonable survival rates and that co-culture of embryos with sheep oviduct epithelial cell has no beneficial effect on vitrification of embryos.
Introduction
Reproductive biotechnology has been developed very rapidly in the last decades. Because of the need of a vast number of oocytes and embryos for reproductive technologies, there are numerous studies on in vitro fertilization and cryopreservation techniques. In order to improve the success of in vitro fertilization, different media and culture conditions have been used (1, 3, 18, 31) . Somatic cells or cells' extracts have been used in culture systems to prevent in vitro blocks and accomplish desirable developmental rates (8, 25, 29) . Co-culture with oviduct epithelial cells has been tried for ensuring oviduct milieu in in vitro culture environment. Although some problems such as increase in the incidence of large offspring syndrome were attributed to co-culture and serum usage during in vitro culture, some experiments showed that co-culture of embryos with somatic cells may beneficially influence the development of embryos to blastocyst stage thanks to its well-defined embryotrophic effects in mouse (2), sheep (4, 7), cattle (9), goat (30) by secreting embryotrophic substances and also by removing embryotoxic substances. Different cryopreservation regimens for preservation of embryos have been used (26, 30) . Slow freezing and vitrification techniques are equally used for cryopreservation of embryos, but vitrification method is generally chosen for oocytes (5, 21, 28) . Types and concentration (11, 16) of cryoprotectants, exposure time of embryos to cryoprotectants (16, 17) , source of embryos as in vivo or in vitro (5, 14) developmental stage of embryos (21) , and media types (16, 27) are the factors that influence the survival rate of embryos after cryopreservation and thawing. In vitro produced embryos are more sensitive to freezing conditions than in vivo embryos (6, 13, 20) . Blastocyst stage embryos have more freezing tolerance than morula stage embryos in sheep (1, 12) .
In this study, the effects of co-culture with oviduct epithelial cells and equilibration medium differences on the survival after vitrification of in vitro produced sheep embryos were investigated.
Materials and Methods
All chemicals were purchased from Sigma unless otherwise specified.
Ethics Statement: The study was performed in accordance with guidelines for animal research from Istanbul University Ethics Committee on Animal Research (2017-425006) .
In vitro fertilization of oocytes: Oocytes were obtained and fertilized in vitro as reported previously (10) . Briefly, ovaries obtained from a local slaughterhouse were brought to laboratory in Dulbecco's PBS at 30-35 C. Cumulus-oocyte complexes were recovered by slicing sheep ovaries and matured for 24 h in medium 199 supplemented with 10% FCS, pyruvate and hormones (FSH and LH) (H-199+) at 38.5 C, in a humidified atmosphere of 5% CO2. Oviduct epithelial cells were obtained by flushing oviducts by 20 ml H-199+ medium for each oviduct and after three washings cultured in H-199+ medium without pyruvate and hormones at 38.5 C, in a humidified atmosphere of 5% CO2 until using for coculture with presumptive embryos.
Pooled fresh ram semen collected from at least 3 kivircik rams were used for in vitro fertilization of matured oocytes. Semen was prepared by percoll-gradient method and added to fertilization medium (Bicarbonate supplemented Synthetic Oviduct Fluid: BSOF) as 8x10 5 -1x10 6 spermatozoon per ml for 20 h in a humidified atmosphere of 5% CO2 at 38.5C. Presumptive embryos were divided into 2 groups and cultured in SOF medium at 38.5C, in a humidified atmosphere of 5% CO2, 5% O2 and 90% N2 for 9 days with (CC) or without (C) co-culture with sheep oviduct epithelial cells. On day 4, 1.5 mM glucose was added to culture medium and oocytes not cleaved were discarded.
Toxicity tests: For toxicity tests of cryoprotectants, all procedures in all groups were repeated without putting straws into liquid nitrogen. Embryos were then cultured in vitro in SOF medium supplemented with 1.5 mM glucose for 24 h at 38.5C, in a humidified atmosphere of 5% CO2, 5% O2 and 90% N2.
Vitrification: Embryos reached to blastocyst stage were vitrified in two groups:
First Group (EG) First equilibration solution= 20% ethylen glycol Second equilibration solution= 20% ethylen glycol + 10% glycerol Vitrification solution= 25% ethylen glycol + 25% glycerol Second Group (G) First equilibration solution= 10% glycerol Second equilibration solution= 20% ethylen glycol + 10% glycerol Vitrification solution= 25% ethylen glycol + 25% glycerol All solutions were at room temperature throughout the classical vitrification procedure. Embryos were exposed for 5 min to first equilibration medium, 5 min to second equilibration medium and were plugged into liquid nitrogen after maximum 30 sec in vitrification solution.
Survival control: Thawing procedure was the same for two vitrification groups. Straws were put in a water bath at 37°C for 15 to 20 seconds and ingredients of the straw were poured into a petri dish. After 5 min embryos were put in 0.25 M sucrose for another 5 min. Embryos were then washed with HSOF medium and cultured in SOF medium supplemented for 1.5 mM glucose for 24 h at 38.5C, in a humidified atmosphere of 5% CO2, 5% O2 and 90% N2.
Statistics: The data were analyzed using SPSS (Version 10.0) for Windows (MS). Developmental rates of embryos cultured in vitro in two groups, survival rates of embryos after vitrification in two groups, and vitrification medium toxicity tests of embryos were assessed by using Chi-square test (Tables 1, 3 and 4) . In order to test the normality of data, Shapiro-Wilk test was applied and since the data was non-parametric, the results of development time of embryos to the blastocyst stage between two groups were assessed by using Mann Whitney-U test (Table 2) .
Results
After in vitro fertilization of 3159 oocytes, 3020 presumptive embryos (C Group n= 1535; CC Group n= 1485) were cultured in vitro. Development results of embryos are shown in Table 1 . After in vitro culture of embryos, 166 (14.4%) and 188 (17.1%) were developed to the blastocyst stage in C and CC groups, respectively (p<0.001). Development time of embryos to the blastocyst stage were faster in CC group when compared to C group (6.9 ± 0.7 versus 7.2 ± 0.7 day; Table 2 ) (p<0.005). After vitrification and thawing, survival rates of blastocyst stage embryos are shown in Table 3 . According to post-thawing development rates of embryos, the group in which embryos cultured without co-culture and vitrified in EG as the first equilibration solution was the best group survived (62.1%) after vitrification (p<0.01).
Although the cryoprotectants we used (EG and G) already embryo tested; in this study we aimed to confirm their toxicity. The toxic effects of the cryoprotectants were found similar (p>0.05) and the survival rates of embryos ranged between 85 to 100% ( Table 4 ). Shirazi and Motaghi (23) reported that neither the presence of oviductal epithelial cells nor their conditioned medium could improve the developmental potential of ovine embryos during IVF. Pereira and Marques (19) , have explained that adding somatic cells into culture media has negative effect on blastocyst development due to the raising of ammonium concentration. In a group that they used co-culture for 2 days and continued without coculture, 52% of blastocyst rate was obtained. This result demonstrated that short co-culture period did not have negative effect on blastocyst development. It was also reported that somatic cells may have disadvantages such as contamination and embryonic abnormality risks and it is time-consuming procedure to prepare somatic cells (15) . Despite those previous negative results; in this study not only the blastocyst rate was high, but also the development to blastocyst stage was faster in co-culture group. Mean day for embryos reaching to blastocyst stage was 6,9 ± 0,7 and 7,2 ± 0,7 in co-culture and culture groups, respectively (p<0.005). Similar to the present study, Van Wagtendonkdeleeuw et al. (27) demonstrated in cattle that development rate was faster by using coculture with (Buffalo rat liver) BRL cells, and Donnay et al. (6) revealed that co-culture with cumulus cells accelerated the development to blastocyst stage (7.30.1 vs. 8.10.1 day) rather than BRL cells.
The present study demonstrated that using EG instead of G as the first equilibration solution improved survival rate (62.1% vs. 30.2%; p<0.01) of embryos cultured without oviduct epithelial cells and that coculture with sheep oviduct epithelial cells has negative effect on survival rates after vitrification of embryos (p<0.01). Songsasen et al. (24) investigated the rate and time for entering of different cryoprotectants into cell and expressed that the rates of different cryoprotectants were as EG>PG>DMSO≈G causing 76.9%, 62.5% and 55.6% survival rates, respectively.
Yang et al. (30) stated that survival of vitrified cattle embryos is affected by cryoprotectant types and exposure procedures. As consistent with present study, Ali and Shelton (2) concluded that EG was the best cryoprotectant choice in sheep. Martinez and Matkovic (14) also showed that EG was better choice than G for vitrification of sheep morulae (59.4 vs 29.7%), but they did not found a difference in overall pregnancy rate (51.3 vs 40.2%). Martinez et al. (15) reported that ovine embryos cryopreserved in 3 steps using ethylene glycol vs glycerol showed a higher hatching rate (40.0 vs 20.0%). Schiewe et al. (22) and De Paz et al. (5) compared vitrification with slow freezing method for cryopreservation of in vivo produced embryos and showed higher survival rates in slow freezing. Survival rates after vitrification of in vitro produced embryos in the present study were higher than those previous studies. Although high cryoprotectant concentrations used in vitrification method may have toxic effects on embryos (24) ; in this study, the toxic effects of cryoprotectants were found at both low and similar rates (p>0.05).
In conclusion, the results of this study show that using co-culture with oviduct epithelial cells for in vitro production of sheep embryos may have positive effects but time and effort consuming and also have no positive effects on survival after cryopreservation. Ethylen glycol as a first equilibration solution may increase survival rates of in vitro produced sheep embryos after vitrification.
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